Purpose: To determine whether preoperative weight loss goals are associated with postoperative weight loss and whether the effect is modified by preoperative depressive symptoms. Methods: Sixty-three women from an ongoing cohort study who were undergoing first-time bariatric surgery at a large, academic hospital in Pittsburgh, PA, were included in this subanalysis. They were assessed preoperatively and 12 months postoperatively in regard to anthropometric and biobehavioral factors. Multivariable linear regression models were used to estimate associations between weight loss goals, expressed as percentage excess body mass index loss (%EBMIL), and postoperative %EBMIL, as well as test effect modification by depressive symptoms. Findings: Presurgery weight loss goals were positively associated with %EBMIL 12 months after bariatric surgery (b = 1.0, p < 0.01), adjusting for preoperative body mass index, age, race, and marital status; this relationship was negatively modified by depressive symptoms (b = -0.1, p = 0.02). The association between goal %EBMIL and postoperative %EBMIL was attenuated when type of surgery was added to the model. Conclusions: This initial report suggests that weight loss goals and depressive symptoms may be associated with achieved weight loss after bariatric surgery. If confirmed in larger cohorts, these findings may indicate that more personalized approaches will be needed when discussing weight loss goals with patients.
Introduction
O besity is a major risk factor for the development of many chronic diseases in the U.S. population, resulting in significant morbidity and mortality. More than two-thirds of the population is overweight or obese, 1 which is associated with a variety of negative health outcomes including cancer, diabetes mellitus, hypertension, obstructive sleep apnea, and various mental health disorders. 2, 3 Although the incidence of obesity has remained relatively stable in recent years, 4 the proportion of those in the upper strata of obesity increased significantly from 2005-2006 to 2013-2014. 5 Depression is particularly common among individuals with high body mass indices (BMIs) and disproportionately impacts women. The prevalence of depression in women is nearly 26% among those with a BMI ‡35 compared with that of only 6.5% among those with a BMI <25. 6 For these severely obese, bariatric surgery is a weight loss option that has been found to be highly effective in reducing severe obesity and its comorbidities. [7] [8] [9] Several studies have reported that preoperative depression/depressive symptoms and anxiety are associated with postoperative weight loss, [10] [11] [12] [13] although disagreement exists regarding the direction and magnitude of the relationship. 11, 14, 15 Among those studies whereby a negative association exists, evidence suggests that this effect is more apparent in women. For example, Andersen, et al. reported that in a cohort of 160 patients undergoing sleeve gastrectomy, only in women did anxiety and/or depression predict lower percentage excess body mass index loss (%EBMIL). 10 Available literature also indicates that bariatric surgery patients generally have unrealistically optimistic weight loss goals, but there is inconsistent evidence whether this is related to actual postoperative weight loss. [16] [17] [18] Depending on the type of surgery, one may expect a 50-80% reduction in excess body weight after bariatric surgery; low weight loss is typically defined as <25%EBMIL in surgical settings 19 ; however, these expectations and goal setting are not uniformly or consistently discussed with patients and are not a part of standard care guidelines across bariatric clinics. Gelinas et al. reported that women were more likely to have unrealistic weight loss goals before surgery, but found an association with postoperative weight loss only in men. 16 White et al. found weight loss goals were unrelated to the amount of weight loss measured 6 months after surgery. 18 Therefore, additional research is needed to clarify these discordant findings in the literature.
Although weight loss goals and depressive symptoms have been studied in relation to postoperative weight loss independently, there is a gap in the literature that reports on their linked effect. Based on a systematic literature search of PubMed using the key words ''weight loss goals,'' ''depressive symptoms,'' ''achieved weight loss,'' and related terms, both in initial and in secondary searches of relevant articles' reference lists, no known studies have formally examined the association between these factors in the bariatric surgery population. Early work in the area of depression and goal setting utilized social cognitive theory (SCT), which is rooted in an agent-oriented perspective whereby individual behaviors are driven by the individual's perception of likely outcomes. 20 SCT posits that depressed individuals tend to set higher goals for themselves relative to what is attainable, 21 which can then feed further depressive reactions when they fail to reach their goals. That is, although most people set goals they believe to be attainable, those with depressive symptoms tend to set higher goals, which may not be realistic; when these goals are not achieved, the resulting self-devaluation and despondent mood act to stimulate one another. 21 A logical continuation of this theory is to hypothesize that symptoms of depression may moderate the relationship between weight loss goals and achieved weight loss after bariatric surgery. However, more research is needed in this specific area as this concept has been applied in other fields relating to obesity and adverse health outcomes, but not in bariatric surgery. Specifically, a recently published meta-analysis demonstrated the utility of SCT for physical activity and dietary interventions among cancer survivors. 22 Although the patient populations differ in important respects, SCT may similarly prove useful in the bariatric population.
Therefore, the purpose of this investigation was to examine the independent and joint effects of preoperative depressive symptoms and preoperative weight loss goals in relation to postoperative weight loss in a subsample of women who were selected from a larger, prospective cohort study.
Materials and Methods
This was a subanalysis based on the data collected from women participating in the Barimark Trial, an ongoing, prospective cohort study examining behavioral and biologi-cal factors before and after bariatric surgery. This analysis was restricted to women with data from the baseline and 12-month postoperative visits to capture women after the majority of weight loss had occurred, consistent with other cohorts. 23, 24 The median time of the baseline assessment, conducted before the surgery date, was 14 days (interquartile range: 10-38) and the time between date of surgery and the follow-up was 368 days (interquartile range: 365-410). All data were collected at Magee-Women's Hospital of the UPMC Health System in Pittsburgh, PA, between January 2010 and June 2014, whose bariatric surgery population has been the focus of other efforts by our research group. 25 The study was approved by the University of Pittsburgh Institutional Review Board. All participants provided signed, informed consent.
Participants
Eligible women were identified by their bariatric surgeon and approached by research personnel at one of their preoperative clinical visits. Women were selected for this subanalysis if they were at least 18 years of age at the baseline assessment, had a baseline BMI ‡35, were undergoing first time Roux-en-Y gastric bypass (RYGB) (n = 39), sleeve gastrectomy (n = 16), or laparoscopic gastric banding (n = 7), and had completed relevant study questionnaires (see Materials and Methods) at both baseline and the 12-month follow-up visit at the time of analysis.
Anthropometric measures
At each study visit, clinical research personnel collected data on patient height using a standard, wall-mounted stadiometer and patient weight using the weighing scale function of a Tanita body composition analyzer (Model TBF-310, Tanita Corporation of America). We used the Screening Questionnaire for General Health History developed by Burke and colleagues to gather self-reported goal weight data. 26 
Outcome and predictor variables
The primary outcome variable of interest was excess BMI loss (%EBMIL achieved ), measured using the formula provided as follows:
Each participant's preoperative weight loss goal was calculated using her preoperative height and weight (using the methods already described) and her self-reported goal weight, which was obtained from the Screening Questionnaire for General Health History. We converted each participant's goal weight to the percentage excess BMI she would lose should she attain her goal weight (%EBMIL goal , previous formula) because this metric is considered a more appropriate benchmark than weight per se.
Next, preoperative depressive symptoms were ascertained using scores from the ''Center of Epidemiologic
Studies-Depression'' (CES-D) survey. The CES-D survey consists of a 20-item questionnaire with high sensitivity and specificity gauging symptoms associated with depression. 27 Each question of the survey is scored 0-3 and summed to provide an overall score. A score ‡16 is typically indicative of those at high risk of clinical depression.
Covariates
Baseline BMI was calculated based on height and weight collected by research personnel during the patient's first research visit. Race was self-reported and was included in the model as ''Caucasian'' or ''Other,'' given the overwhelming majority of the sample was Caucasian. Marital status was selfreported and dichotomized to married/unmarried. Type of surgery was also dichotomized as RYGB and ''Sleeve gastrectomy or laparoscopic banding'' as RYGB typically exhibits the highest magnitude of weight loss compared with the two other options and comprised the majority of this sample.
Statistical analysis
All statistical analyses were performed using SAS Version 9.3 and STATA Version 14.0. 28, 29 Descriptive statistics were used to present patient characteristics, with the Wilcoxon rank-sum test used for continuous variables and the Chisquared test for categorical variables.
Missing data were addressed with multiple imputation ( MI) using chained equations to account for separate conditional distributions for each imputed variable. Given the modest sample size, we chose to create 50 imputed data sets to stabilize the standard deviation estimates. Of the 63 women included in the final analysis, 9.5% were missing goal %EBMIL, 6.3% were missing %EBMIL, and one participant was missing ''surgery type,'' ''baseline depression score,'' and ''baseline BMI.'' Even with the modest sample size, the proportion of missing data is within the limits of MI performing well. 30 These variables along with marital status, age, and race were included in our imputation models.
We used multivariable linear regression to test the association between goal %EBMIL, preoperative depressive symptoms, and postoperative %EBMIL, entered as continuous variables, and adjusting for potential confounders. We created two different models: in the first, we adjusted for age, race, baseline BMI, and marital status; in the second, we added ''type of surgery'' to this list of covariates. We chose to present both models because, although type of surgery is an important predictor of postoperative weight loss, the theoretical causal diagrams that we constructed a priori suggested that ''type of surgery'' may not be a true confounder of the association between weight loss goals and postoperative weight loss. In addition to these confounders, we added a multiplicative interaction term between goal %EBMIL and depressive symptoms (measured continuously) to the final model. We used the Wald test to formally test our hypothesis that baseline depressive symptoms are an effect modifier of the association between weight loss goals and postoperative weight loss. Table 1 (without imputation). A majority of women in this cohort were Caucasian, married, 35 years of age or older, and underwent RYGB. They had a median baseline BMI of 45.2 kg/m 2 , 34% had 16 or more years of education, and *28% met the subthreshold of depressive symptoms at baseline (CES-D score ‡16). Overall, women lost an average of 39.8 kg at follow-up, which corresponded to a median %EBMIL of 72.2%. There were no important differences in terms of age, baseline BMI, education, race, or baseline depression score between women with complete data for their 12-month visit and those with complete data for their 6-month visit only. Furthermore, we tested the correlation between preoperative depression and weight loss goals and found no significant evidence to exclude these two variables from being included in the model (R = 0.34). Table 2 presents results from the multivariable linear regression examining the association between preoperative weight loss goals/depressive symptoms and 12-month postoperative weight loss. In the first model (adjusted for age, race, baseline BMI, and marital status), we found a statistically significant, positive association between goal %EBMIL and achieved %EBMIL (b = 1.0, p < 0.01) that was negatively modified by depressive symptoms (b = -0.1, p = 0.02). For every percentage increase in goal %EBMIL, an increase in CES-D score attenuated the association with achieved %EBMIL by a factor of 0.1. For example, based on this model, a woman with a goal %EBMIL of 75% and a CES-D score of 20 would have an expected %EBMIL *40% lower than comparable women with a CES-D score of 12. In Model 2, when we added ''type of surgery'' as a covariate, the associations were attenuated for both the overall association of goal %EBMIL and achieved %EBMIL (b = 0.7, p = 0.05) and the modification effect by depressive symptoms (b = 0.0, p = 0.20). 
Results

Patient demographic and baseline characteristics are presented in
Discussion
In this sample of women undergoing bariatric surgery, there was a positive association between weight loss goals and achieved weight loss that was negatively modified by baseline depressive symptoms. These relationships were found after controlling for age, baseline BMI, race, and marital status, but were attenuated after ''type of surgery'' was added to the statistical model.
These results suggest that higher preoperative weight loss goals may be beneficial for weight loss success after bariatric surgery, unless undermined by concurrent depressive symptoms. These novel findings need to be replicated in future research to confirm generalizability across demographically diverse samples and other clinical settings.
Bariatric surgery patients typically have unrealistic weight loss goals, but there have been mixed findings in the literature regarding the importance that these goals have for postoperative outcomes. Although some investigators report that the two variables are unrelated, a recent report by Goulart, et al. argued that the target postoperative BMI (25 kg/m 2 ) may be an unrealistic goal for some patients, which may lead to demotivation and lack of adherence to follow-up. 31 If confirmed, our findings would add support to the notion that weight loss goals tailored to the individual may help facilitate weight loss success and raise the possibility that bariatric surgeons should ensure that weight loss goals are discussed in preoperative appointments. Of course, determining potential causal relationships between goals and achievements is difficult because of challenges in accounting for unmeasured confounding factors. For example, it is unclear at what time point an individual's weight loss goals were established and to what degree they were influenced by previous physician counseling or individual research undertaken by the patient. Future research efforts should collect this information when examining these associations.
Our findings should be viewed within the context of the study's limitations. Importantly, significant associations between our predictors of interest and achieved weight loss in this modest-sized study were attenuated when we added ''type of surgery'' to our regression models. This may be because of the fact that different types of bariatric surgery result in different weight loss trajectories and that this is a strong driver of weight loss, regardless of one's weight loss goals or depressive symptoms status. Conversely, because of the small sample size, adding this additional covariate likely saturated our model and minimized any variance that existed in our data. Similarly, we combined sleeve gastrectomy and laparoscopic banding patients into one group because of sample size constraints. Although patients who receive these procedures typically exhibit less weight loss than RYGB patients, it may be more appropriate in future studies to separate the groups entirely, given sufficient sample sizes. Next, even though the interaction between preoperative weight loss goals and depressive symptoms was statistically significant in model 1, the effect remained modest. Last, because the Barimark Trial comprises entirely of women, we cannot determine whether our findings extend to men; however, women are more likely to experience depression and to have unrealistic weight loss goals, 16, 32 thus, the effects are not likely to be stronger in men. Upwards of 75-80% of bariatric surgery cohorts are comprised of women (similarly to the composition of gender distribution in typical U.S. bariatric surgery clinical practices), 33, 34 so these findings may help inform larger investigations and generate hypothesis for future trials.
Even with the study's limitations, this initial examination of prospective relationships between preoperative weight loss goals and depressive symptoms, and achieved weight loss 1 year after bariatric surgery, suggests that these relationship deserve additional study. If weight loss goals and depressive symptoms are together associated with postoperative weight loss, clinicians may want to consider recommending to patients that they receive counseling on weight loss goals, provide more intensive monitoring to those with depressive symptoms, and/or refer high-risk individuals to mental health professionals for assessment and care as appropriate.
Conclusions
The prevalence of severe obesity continues to increase in the United States, resulting in an increasing number of individuals who are eligible for bariatric surgery. 35 Additional research to better understand factors that may predict which people may be more or less likely to be successful in longterm weight loss after bariatric surgery is needed. We propose that additional, rigorous, epidemiologic studies should be undertaken to examine the impact of preoperative weight loss goals and depressive symptoms on bariatric surgery patients to confirm our findings. The goal of such research should be to provide evidence regarding the possible utility of developing individualized approaches (including counseling) to promote weight loss success after bariatric surgery. <0.01 Baseline CES-D score 7.4 (0.9 to 13.8) 0.03 Goal %EBMIL · baseline CES-D score -0.1 (-0.1 to 0.00) 0.02
Model 2 b
Goal %EBMIL 0.7 (0.0 to 1.4) 0.05 Baseline CES-D score 4.0 (-3.0 to 10.9) 0.26 Goal %EBMIL · baseline CES-D score 0.0 (-0.1 to 0.0) 0.20 N = 63 (after multiple imputation using chained equations). a Adjusted for age, race, baseline BMI, and marital status. b Adjusted for age, race, baseline BMI, marital status, and type of surgery.
CI, confidence interval.
70 FREESE ET AL.
